Introduction
============

Prostate cancer (PCa) was considered as one of the most commonly diagnosed cancers in men of developed Western countries. Worldwide, it was the 2nd most commonly diagnosed and 6th leading cause of cancer death in men [@B1]. Androgen deprivation therapy (ADT) was still the standard systemic therapy for locally advanced or metastatic PCa. Growth of early stage of PCa required androgen and it could be successfully suppressed by ADT. However, almost all advanced PCa eventually progressed to a more aggressive form defined as castration resistant prostate cancer (CRPC), for which there was no available curative therapy [@B2].

The tumor necrosis factor receptor (TNFR)/TNF superfamily represented a key group of receptor/ ligands for controlling life and death in the immune system [@B3]. Among TNF superfamily members, 4-1BBL had emerged as an important mediator of survival signaling. It had been shown that 4-1BBL expresses on mature B cells, macrophages, and dendritic cells. The interaction between 4-1BBL and its receptor 4-1BB provided a co-stimulatory signal to T cells, including activation of both CD4^+^ and CD8^+^ T cells, enhanced expansion [@B4],[@B5], increased long-term survival [@B6],[@B7], and reduced apoptosis of activated CD8^+^ T cells[@B8]. In addition to acting as a ligand by cross-linking 4-1BB, 4-1BBL could receive signals and transmit them into the cells on which it was expressed, a process referred to as reverse signal transduction. Therefore, bidirectional signaling existed for the 4-1BB receptor/ligand system. The effects of reverse 4-1BBL signaling had received comparatively little attention in the past. However, during the last few years, a number of studies appeared to shed light on the biology of 4-1BBL signaling.

The prostate is an androgen-dependent organ in which organogenesis, morphology and normal functioning are regulated via the androgenic/androgen receptor (AR) signaling axis [@B9]. Recent evidence supports the notion that CRPC continued to rely on androgens via AR signaling [@B10]. Mechanisms that might contribute to restoring AR activity in CRPC include AR mutations or alternative splicing, increased intratumoral androgen synthesis, increased coactivator expression, and activation of several kinases that might directly or indirectly sensitize AR to low levels of androgens [@B11].

A number of studies had shown that 4-1BBL was also expressed on non-immunocytes. 4-1BBL was expressed on a wide range of tumor cells, including gastric, lung, laryngeal and liver cancer [@B12],[@B13]. To our knowledge, little was known about the exact expression of 4-1BBL in human PCa. Here, this study investigated the distribution and expression of 4-1BBL in clinical human prostate tissues as well as PCa cell lines and xenograft tumor tissues. The aim was to enlighten the underlying involvement of 4-1BBL expression in PCa.

Materials and Methods
=====================

Patients and Tissues
--------------------

The protocol was approved by the Ethics Committee of Renmin Hospital of Wuhan University (Jiefang Road 238, Wuhan 430060, Hubei PR, China), and the written informed consent was obtained from all patients. For immunohistochemical analysis, qRT-PCR and western blotting analysis, samples from 22 cases of normal prostate, 30 cases of benign prostatic hyperplasia (BPH), 30 cases of androgen dependent prostate cancer (ADPC, primary and non-castration prostate cancer ) and 17 cases of CRPC tissue were collected from patients between September 2010 and June 2016. All prostate tissues of ADPC and CRPC were obtained from transurethral resection specimens.

Cell Lines
----------

Human prostate cell lines RWPE-1, LNCaP, DU145, PC-3 and C4-2 were obtained from American Type Culture Collection (ATCC). The benign epithelial prostate cell line RWPE-1 was maintained in keratinocyte serum free media (Gibco). LNCaP, DU145, PC-3 and C4-2 grown in RPMI 1640 (Life Technologies, CA) with 10% FBS (Invitrogen). All cells were cultured in the incubator supplement with 5% CO~2~ at 37 ^0^C.

Stable Transfection of PCa Cells with 4-1BBL Plasmid
----------------------------------------------------

3×10^6^ LNCaP cells were transfected with 2 μg of pCDNA3.1-4-1BBL or empty vector and the C4-2 cells were transfected with 2 μg of pGP-U6-4-1BBL-siRNA or empty vector by the mediation of 6 μL Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA), according to the manufacturer\'s instructions. After 2 days of culture, the cells were replated into a 10 cm dish and cultured for another 2 days; complete RPMI-1640 medium containing 1000 μg/mL G418 (Sigma, St. Louis, MO) or Hygromycin (Sigma, St. Louis, MO) was added to the culture. After 20 days of selection, all nontransfected cells died, and discrete clones were visible in transfected cells. These clones were expanded in the presence of 200 μg/ml G418 or Hygromycin; positive cells expressing 4-1BBL or not were named LNCap/4-1BBL and C4-2/si-4-1BBL. 4-1BBL mRNA expression was confirmed in positive cells after being selected.

Xenograft tumor experiments
---------------------------

Xenograft tumors were established using early-passage cells and maintained in NOD/SCID mice. All animals were obtained from Beijing Hua Fukang Biological Technology Co. Ltd. and maintained in standard conditions according to the Institutional guidelines. The committee for experimental animals of Wuhan University approved all experimental procedures, and the procedures complied with the Guidelines for the Care and Use of Laboratory Animals. For s.c. tumor growth, 1 x 10^7^ LNCaP cells or LNCaP/4-1BBL cells were suspended in 75 μl of RPMI- 1640 plus 75 μl of Matrigel (Collaborative Biomedical Products, Bedford, MA) and injected via a 27-gauge needle into the s.c. space of the neck back region.

Mice were anesthetized with pentobarbital (45 mg/kg) and castrated (implemented with Bilateral orchidectomy) via scrotum incision approach. Animals were randomly divided into four groups (5 mice per group, n=5): 1) Control group, mice were injected with LNCaP cells without treated with castration; 2) Castration group, mice were injected with LNCaP cells, when subcutaneous implanted tumor grown up about 3 weeks, mice were treated with castration; 3) and 4-1BBL group, mice were injected with LNCaP/4-1BBL cells without treated with castration. According to our previous study [@B14], PCa had progressed to CRPC *in vivo* when 5 weeks after the mice being treated with castration. Then, all mice were killed, and tissues were collected for Western blot analysis and immune- histochemistry.

Cell Counting Kit-8 assay
-------------------------

Target cells (2.5×10^5^ per well) were cultured in 96 round bottom plates. After a 48-hour incubation at 37 ^0^C, the amount of released lactate dehydrogenase was determined by using Cell Counting Kit-8 (Dojindo, Japan) assay according to the manufacturer\'s instructions. All determinations were carried out in triplicate in 3 independent experiments.

RNA extraction and qRT-PCR analyses
-----------------------------------

Total RNA was extracted from prostate tissues and prostate cell lines using TRIzol reagent (Invitrogen, Grand Island, NY, USA) and cDNA was prepared using PrimeScript RT Reverse Transcriptase reagent Kit (Takara, Otsu, Japan). Quantitative RT-PCR (qRT-PCR) was performed on the Applied Biosystems 7300 real-time PCR system using SYBR Premix Ex TaqTM (Takara). The fold changes of 4-1BBL were analyzed by calculating the 2^-△△Ct^ values. The same method was used for PCa cell lines and RWPE-1. Each sample was run in triplicates in 3 independent experiments.

Western blot analysis
---------------------

Total proteins from prostate tissues and prostate cell lines were extracted. The rabbit polyclonal anti-4- 1BBL antibody (Abcam, Cambridge, USA), rabbit polyclonal anti-AR antibody (Abcam, Cambridge, USA) and the HRP-conjugated anti-rabbit antibody (Abcam, Cambridge, USA) were used to probe Western blots. Mouse monoclonal anti-β-actin antibody (Cell signal technology, Boston, USA) and HRP conjugated goat anti-mouse IgG antibody (Cell signal technology, Boston, USA) were used to detect β-actin. Finally, the proteins were detected using an enhanced chemiluminescence system (ECL kit, Pierce Biotechnology, Beijing, China) and captured on light- sensitive X-ray film (Kodak, Shanghai, China). Optical densities were detected using ImageJ software.

Immunohistochemistry
--------------------

The four-micrometer sections from formalin-fixed and paraffin-embedded tissue blocks were dewaxed in xylene and rehydrated with ethanol. After blocked in goat serum, the sections were incubated with the anti-4-1BBL polyclonal antibody (Abcam, Cambridge, USA) or with the anti-KI67 polyclonal antibody (Abcam, Cambridge, USA) overnight at 4 ^0^C. Staining was then performed using Vectastain ABC Elite Kit (Vector Laboratories, Burlingame,CA), and sections were counterstained with hematoxylin.

By microscopic assessment, the 4-1BBL expression with immunostaining was positive in cell membrane and cytoplasm. Two pathologists who were blinded to clinical pathological outcome evaluated immunostaining reactions using a semi-quantitative scoring system. The score about the percentage of positive cells (0, ≤5%; 1, 5-50%; 2, \>50%) and the score about the staining intensity (no staining; weak staining; moderate staining; and strong staining) were combined. If the total score was different between the two pathologists, an agreement was reached by rescoring the slides together with a third pathologist on a multi-viewer microscope.

Invasion activity assay
-----------------------

Transwell invasion assays were performed with 8.0 µm pore according to the manufacturers\' instructions (BD Bioscience, CA). The PCa cell invasion assays were performed with and coated Matrigel. The invaded PCa cells in the membrane were fixed and stained, and the cells were counted under a microscope. All determinations were carried out in triplicate in 3 independent experiments.

Statistical analysis
--------------------

Statistical analyses were performed by SPSS 18.0 software. Student\'s t-test was performed for continuous variables and the chi-square test was used to analyze the differences of categorical variables. P \< 0.05 indicated significant difference.

Results
=======

The expression of 4-1BBL is upregulated in clinical specimens of PCa
--------------------------------------------------------------------

Immunohistochemistry was performed in all paraffin-embedded and archival normal prostate, BPH, ADPC and CRPC samples. The 4-1BBL expression was predominantly localized in cell membrane and cytoplasm, and the expression level was categorized as no staining, weak straining, moderate straining or strong straining (**Figure [1](#F1){ref-type="fig"}**). 4-1BBL was not detected in normal prostate and BPH samples, but it was detected in PCa samples. ADPC tissue showed moderate 4-1BBL expression, but ADPC tissue showed stronger 4-1BBL expression than in ADPC tissue.

To validate histology data, quantitative PCR was utilized to determine the mRNA level of 4-1BBL in normal prostate, BPH, and in several different human prostate cell lines including RWPE-1, LNCaP, DU145, PC-3 and C4-2. 4-1BBL mRNA was undetectable in normal prostate and BPH samples. While 4-1BBL mRNA expression was detected in ADPC samples, and its expression was significantly higher in CRPC tissues than in ADPC tissues (P\<0.01) (**Figure [2](#F2){ref-type="fig"}A**). As shown in **Figure [2](#F2){ref-type="fig"}B**, the 4-1BBL mRNA was not detected in RWPE-1 cells, but it was detected in LNCaP, DU145, PC-3 and C4-2 cells. Furthermore, compared with DU145, PC-3 and C4-2 cells, expression of 4-1BBL mRNA was lower in LNCaP cells. And the 4-1BBL mRNA expression was significantly higher in C4-2 cell lines than in LNCaP, DU145 and PC-3 cell lines (P\<0.01).

We further checked the protein level of 4-1BBL in normal prostate, BPH, ADPC and CRPC samples and in Human prostate cell lines RWPE-1, LNCaP, DU145, PC-3 and C4-2. The protein expression of 4-1BBL was assessed by western blot (**Figure [2](#F2){ref-type="fig"}C and Figure [2](#F2){ref-type="fig"}D**). The results were consistent with data from IHC and qRT-PCR assay (P\<0.01).

Overexpression of 4-1BBL increased proliferation and invasion of PCa cells in androgen deprivation environment
--------------------------------------------------------------------------------------------------------------

To determine the function of 4-1BBL on proliferation ability of LNCaP cells. LNCaP cells were transfected with pCDNA3.1 and pCDNA3.1/4-1BBL, and the G418-resistant cells (LNCaP/pCDNA3.1, LNCaP/4-1BBL) were selected. The cells were cultured in androgen deprivation environment (phenol red free RPMI1640 medium with activated Charcoal/ Dextran treated FBS). As shown in **Figure [3](#F3){ref-type="fig"}A**, LNCaP/4-1BBL cells displayed higher proliferation than LNCaP cells and LNCaP/pCDNA3.1 cells in androgen deprivation environment assessed by CCK8 assay. Meanwhile, the invasion ability of LNCaP/ 4-1BBL cells was higher than LNCaP cells and LNCaP/pCDNA3.1 cells in androgen deprivation environment assessed by Transwell invasion assays (**Figure [3](#F3){ref-type="fig"}B**).

Overexpression of 4-1BBL upregulated the expression of AR *in vitro*
--------------------------------------------------------------------

LNCaP cells were transfected with pCDNA3.1/ 4-1BBL, and the G418-resistant cells (LNCaP/4-1BBL) were selected. Meanwhile, C4-2 cells were transfected with pGP-U6-4-1BBL- siRNA, and the Hygromycin- resistant cells (pGP-U6-4-1BBL-siRNA) were selected. Then, mRNA expression of 4-1BBL was determined by qRT-PCR to infirm the transfection efficiency and protein expression of AR was assessed by western blot. The results showed that mRNA expression of 4-1BBL was significantly increased in LNCap/4-1BBL cells compared with in LNCap cells (P\<0.05), while mRNA expression of 4-1BBL was significantly decreased in C4-2/si-4-1BBL cells compared with in C4-2 cells (P\<0.05) (**Figure [4](#F4){ref-type="fig"}A**). On the other hand, protein expression of AR was increased in LNCap/ 4-1BBL cells compared with in LNCap cells (P\<0.05), while protein level of AR was decreased in C4-2/si-4-1BBL cells compared with in C4-2 cells (P\<0.05) (**Figure [4](#F4){ref-type="fig"}B**). The change of AR protein expression was consistent with the change of 4-1BBL expression. These data suggest that 4-1BBL may play a role in PCa via upregulating AR expression.

Enzalutamide inhibits proliferation and invasion of 4-1BBL overexpressing PCa cells
-----------------------------------------------------------------------------------

To further confirm if 4-1BBL functions through AR, we applied Enzalutamide (a synthetic non- steroidal anti-androgen) to the medium of PCa cultures. The proliferation ability of LNCaP/4-1BBL were assessed after being treated with 0 µM, 1 µM, 10 µM or 50 µM Enzalutamide (Sigma, USA) for 0 h, 24 h, 48 h or 72 h, respectively. The results revealed that Enzalutamide significantly blocked the proliferation (**Figure [4](#F4){ref-type="fig"}C**) and invasion (**Figure [4](#F4){ref-type="fig"}D**) ability of LNCaP cells overexpressing 4-1BBL. Thus, our data confirmed that 4-1BBL contributes to progression of PCa via enhancing AR expression.

4-1BBL expression was up-regulated when PCa progressed to CRPC *in vivo*, and overexpression of 4-1BBL promoted proliferation of PCa cells and increased the expression of AR
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

As shown in **Fig [5](#F5){ref-type="fig"}A**, 4-1BBL expression was significantly up-regulated in the Castration group compared with in the Control group. In the 4-1BBL group, 4-1BBL expression was significantly higher than in the Control group (P\<0.05), and 4-1BBL expression was also significantly higher than in the Castration group (P\<0.05). The level of AR expression in the Castration group increased significantly compared with that in the Control group (P\<0.05). Furthermore, the expression of AR in the 4-1BBL group was significantly higher than that in the Castration group (P\<0.05).

KI-67 is a nuclear non-histone protein, and it is a well-known proliferation marker that is widely used in the diagnosis of several pathologic lesions, especially human tumors and malignancies[@B15]. 35 days after castration, the expression of KI67 was consistent with the expression of 4-1BBL in the Control group, in the Castration group and in the 4-1BBL group**Fig [5](#F5){ref-type="fig"}B**. The expression of KI67 was significantly higher in the Castration group tissues than in the Control group tissues (P\<0.05), meanwhile, the expression of KI67 was a little higher in the 4-1BBL group than in the Castration group (P\<0.05).

Discussion
==========

4-1BBL had been shown to be mainly expressed on activated T cells, and its best characterized activity was T cell co-stimulation. Recently, 4-1BBL was also found to be expressed on carcinoma cells, and it might significantly influence the outcome of a T cell-tumor cell interaction. Thus far, no study had reported the precise role of 4-1BBL in PCa. This study was interested to see whether there was an aberrant expression of 4-1BBL in PCa, and the function of 4-1BBL played in PCa development and progression.

4-1BB was a member of the TNFR family and could be expressed by a range of leucocytes, including activated T cells, natural killer (NK) cells and inflamed vascular endothelial cells [@B15]. 4-1BBL belonged to the TNF family, and it was expressed widely and constitutively, including by antigen presenting cells (APC) as a transmembrane protein on the cell surface. 4-1BBL was also expressed by many nonimmune cells as a transmembrane protein on the cell surface. In one hand, 4-1BBL acted as a ligand by cross-linking 4-1BB to co-stimulate T cell activation. In the other hand, 4-1BBL could receive and transmitted signals into the cells on which it was expressed, this process referred to as reverse signal [@B16].

In the present study, a cohort of PCa, BPH and normal prostate samples were examined by histology. 4-1BBL was not detected in normal prostate and BPH samples, but it was detected in PCa samples. Meanwhile, the 4-1BBL expression was higher in CRPC than in primary PCa. To further validate these findings, qRT-PCR and western blot were employed to examine the expression of 4-1BBL at mRNA and protein levels in PCa, BPH and normal prostate tissues as well as five prostate cell lines. The results supported the notion that expression of 4-1BBL was clearly elevated in PCa tissues, and were positively related with PCa progression to CRPC. Analysis of PCa cell lines further showed that the mRNA and protein levels of 4-1BBL were significantly up-regulated in androgen-independent prostate cancer cell lines than in androgen-dependent prostate cancer cell lines. Furthermore, 4-1BBL expression was significantly up-regulated when PCa had progressed to CRPC about 35 days after castration *in vivo*. This was consistent with the previous report that 4-1BBL was more common in malignant tumors, especially in moderate or low-differentiated tumors [@B17].

To date, ADT remained as the standard therapy for men with de novo or recurrent metastatic disease [@B18]. Typically, ADT was able to reduce the level of prostate specific antigen (PSA) in 80-90% of patients during initial treatment. However, almost all patients virtually progressed to CRPC at a median of 18-24 months after diagnosis [@B19]. There was no curative therapy available for CRPC. In a large portion of castration-resistant tumors, an enhanced expression of the AR was detected, which could result in a reactivation of AR transcriptional activity despite low androgen levels. In 20-30% of CRPC tumors the enhanced AR expression was based on AR gene amplifications [@B20], [@B21]. This study revealed that overexpression of 4-1BBL significantly augmented proliferation and invasion of androgen dependent PCa cells in androgen deprivation environment. Meanwhile, both expression of AR in prostate cancer cell lines and in PCa tumor bearing SCID mice were positively associated with overexpression of 4-1BBL. Furthermore, 4-1BBL mediated increase of proliferation and invasion abilities of LNCaP could be blocked by Enzalutamide, a specific AR signaling inhibition. Therefore, this study speculated that 4-1BBL might play a critical role in PCa progression to CRPC via enhancing AR function.

The 4-1BB/4-1BBL pair emerged as a target for PCa treatment due to its ability to enhance the generation of effective tumor-specific immune responses, which appeared to be primarily involved in the induction of apoptosis of tumor cells under certain conditions. 4-1BBL on some tumor cells was capable of triggering tumor cells to produce IL-8, which is critical for the development and progression of numerous malignancies [@B22]. Results of this study were consistent with these publications.

To our knowledge, this was the first time that the common up-regulation of 4-1BBL was identified in human PCa and normal prostate tissues. Furthermore, our data revealed a positive correlation between increased expression of 4-1BBL and PCa progression to CRPC. In addition, this study discovered that 4-1BBL was quite closely related to PCa cells proliferation and contributed to PCa progression to CRPC might via up-regulating expression and activity of AR. Thus, 4-1BBL may be a therapeutic target for treatment of CRPC.
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![Immunohistochemical expression of 4-1BBL in Normal prostate, BPH, ADPC and CRPC tissues (magnification, 400). A, Normal prostate tissue showed no 4-1BBL expression. B, BPH tissue also showed no 4-1BBL expression. C, ADPC tissue showed moderate 4-1BBL expression. D, CRPC tissue showed strong 4-1BBL expression.](jcav10p2464g001){#F1}

![Expression of 4-1BBL in normal prostate, BPH, ADPC and CRPC tissues was confirmed at mRNA level by qRT-PCR and was confirmed at protein level by western blot. A, 4-1BBL mRNA expression was not detected in Normal prostate and BPH tissues, but the 4-1BBL mRNA expression was significantly higher in CRPC compared to ADPC tissue (\*P\<0.01 versus ADPC). B, 4-1BBL mRNA expression was not detected in RWPE-1, but it was higher in CRPC cell lines (PC3, DU145 and C4-2) than in ADPC cell lines (LNCaP). C, 4-1BBL expression was not detected in Normal prostate and BPH tissues, but the 4-1BBL expression was significantly higher in CRPC compared to ADPC tissue (\*P\<0.01 versus ADPC). D, 4-1BBL expression was not detected in RWPE-1, but it was higher in CRPC cell lines (PC3, DU145 and C4-2) than in ADPC cell lines (LNCaP). In addition, 4-1BBL expression was highest in C4-2 cell line (\#P\<0.01 versus LNCaP).(N: Normal prostate; BPH: Benign prostate hyperplasia; ADPC: Androgen dependent prostate cancer; CRPC: Castration resistant prostate cancer)](jcav10p2464g002){#F2}

![Function of 4-1BBL on proliferation ability and invasion ability of LNCaP cells in androgen deprivation environment. A, LNCaP cells transfected with pCDNA3.1/4-1BBL still demonstrates strong proliferation ability in phenol red free RPMI1640 medium with activated Charcoal/Dextran treated FBS. B, LNCaP cells transfected with pCDNA3.1/4-1BBL demonstrates stronger invasion ability than LNCaP or LNCaP/ pCDNA3.1 cells in phenol red free RPMI1640 medium with activated Charcoal/Dextran treated FBS). (\*P\<0.05 versus LNCaP or LNCaP/ pCDNA3.1).](jcav10p2464g003){#F3}

![Effect of 4-1BBL on AR expression in PCa cells was confirmed by qRT-PCR and by western blot. A, 4-1BBL mRNA expression was significantly higher in LNCap/4-1BBL cells compared to LNCap cells, while 4-1BBL mRNA expression was significantly lower in C4-2/si-4-1BBL cells compared to C4-2 cells (1: LNCap cell; 2: LNCap/4-1BBL cell; 3: C4-2 cell; 4: C4-2/si-4-1BBL cell). B, AR expression was significantly higher in LNCap/4-1BBL cells compared to LNCap cells, while AR expression was significantly lower in C4-2/si-4-1BBL cells compared to C4-2 cells. (\*P\<0.05 versus LNCap; \#P\<0.05 versus C4-2). C, Proliferation ability of LNCap/4-1BBL cells influenced by Enzalutamide was assessed by CCK8 assay. Enzalutamide (an inhibitor of AR signaling) decreased proliferation ability of LNCaP cells induced by 4-1BBL. D, Invasion ability of LNCap/4-1BBL cells influenced by Enzalutamide was assessed by Transwell invasion assay. Enzalutamide reduced invasion ability of LNCaP cells induced by 4-1BBL. (Enzalutamide group Vs Vekicle group, P\<0.05)](jcav10p2464g004){#F4}

![A, Expressions of 4-1BBL and AR in Control group, Castration group and 4-1BBL group were confirmed at protein level by western blot. Both 4-1BBL and AR expressions were significantly up-regulated in the Castration group than in the Control group (P\<0.05). In the 4-1BBL group, both 4-1BBL and AR expressions were significantly higher compared to the Control group (P\<0.05), and both 4-1BBL and AR expressions were significantly higher than in the Castration group (P\<0.05). B, Immunohistochemical expression of KI67 in Control group, Castration group and 4-1BBL group tissues (magnification, 400). The expression of KI67 was significantly higher in the Castration group tissues than in the Control group tissues (P\<0.05), furthermore, the expression of KI67 was significantly higher in the 4-1BBL group than in the Castration group (P\<0.05).](jcav10p2464g005){#F5}
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